Introduction
Rangelands are highly complex adaptive socioecological systems with complicated interactions among the rangelands, livestock, and humans (Gross et al. 2003 (Gross et al. , 2006 . A lack of understanding of any one part leads to an inability to identify the best policies and strategies for management. Misunderstanding of these interactions by humans is responsible for a worldwide deterioration in rangeland ecosystems. The inherent complexity of ecological variables and uncertain social and economic effects significantly adds to the difficulties of developing a sustainable rangeland management system. Sustainable rangeland management contains the linkages among vegetation dynamics, management techniques, and assessments that are based on ecological aspects and approaches for maintaining and enhancing the productivity of rangelands (RAMC 2008) . Monitoring is therefore an integral part of the sustainable management process. It provides not only a basis for decision making, but also for maximizing the development of new knowledge (Gibson et al. 1995 ). There are 3 major significant subjects in monitoring programs. First of all, the techniques need to be fast and sensitive to vegetation change. The second is trend identification, and the last is evaluation of sustainable management implementations. Moreover, modern condition assessment techniques require quantitative relationships of how species react to environmental factors, especially to grazing impact. These relationships can be used to document vegetation change, and they serve as a basis for the objective condition assessment and interpretation of vegetation monitoring data (Bosch and Gauch 1991) .
Plant species have disparate responses to different management techniques such as fertilization, seeding, over-seeding, fire, grazing systems, resting, animal types, water point, or infrastructure. Numerous studies on the response of plant species to grazing and identification of indicator species have been undertaken in the past.
The study of vegetation and plant species was analyzed by various statistics methods, such as correlation coefficient and multivariate analysis. Many methods calculate an index of vegetation condition by using all the species at a recorded site (e.g., Dyksterhuis 1949; Foran et al. 1978; Vorster 1982) . Generally, the abundances of only a few species are strongly correlated with grazing as indicators of a particular condition (Bosch and Rensburg 1987; Hurt et al. 1993) .
Monitoring of species that are not responsive to grazing could decrease or distort the sensitivity of the calculated condition index, as these species will contribute noise to the data (Hurt et al. 1993) . The exclusive use of indicator species can simplify monitoring, especially in communitybased monitoring programs, where land managers themselves are involved with condition assessments to determine the outcomes of their management programs (Hurt and Bosch 1991) . Gibson and Bosch (1996) cited several historical vegetation studies from different areas, as follows: the response of species to various grazing intensities (Cockayne 1920) , the history of vegetation change in the grasslands (Connor 1964; Connor and MacRae 1969) , the understanding of vegetation change, and interpretation of some of the changes within a historical framework of land use (Hughes 1975; O'Connor 1982 O'Connor , 1986 Scott et al. 1988; O'Connor and Harris 1991; Mark 1994) .
The objective of this study is to identify indicator plant species of different conditional stages of rangelands. These indicators will also be used as a basis for decision making in management and restoration of the Central Anatolian rangelands. The other aim of the study is to make a degradation model based on indicators for rangelands under semiarid conditions.
Materials and methods

Experimental area
The study area, Nevşehir Province, is located in the plateau of the Central Anatolia Region. The altitude of the study sites ranges from 891 m to 1665 m. Nevşehir Province is located between 38°21′N and 39°13′N and between 34°17′E and 35°25′E (Figure 1 ). The region is characterized by a steppe climatic condition. Long-term and annual (2008) averages of precipitation, temperature, and relative humidity were as follows, respectively: 414.8 mm and 349.0 mm; 10.2 °C and 10.8 °C; and 59.0% and 57.4% ( Figure  2 ) (GDSMS 2009 ). The determinations of soil textures, soil pH, lime content, soil available phosphorus content, plant available potassium content, and organic matter content were performed using a hydrometer method (Gee and Bauder 1986) , pH meter (McLean 1982) , Scheibler calcimeter , a molybdophosphoric blue color method (Olsen and Summers 1982) , flame photometry (Thomas 1982) , and the Smith-Weldon method (Nelson and Summers 1982) , respectively. The soil of the sites had a clay-loam texture, neutral light alkali pH (7.68), a medium 
Sampling
The sampling sites in the area were carefully selected to represent variations in rangeland vegetation of Nevşehir Province. Existing soil and land-use maps were used to guide the sampling of rangelands in the province. A regular topomap grid of 10 × 10 km was overlaid onto a land-use map of the province. Every grid that included rangeland area was visited with the help of a GPS device and one sampling site was selected from each grid (Figure 1 ).
The vegetation survey was carried out in May and June of 2008. A modified wheel-point method with loop (Koç and Çakal 2004) was used to determine the botanical composition at the fixed sample sites. Two transects of 200 m in length and at an interval of 0.5 m were used, for a total of 400 readings. Species frequency and percentage cover were measured and calculated as the proportion of the number of strikes for each species to the total number of strikes recorded at each site. This method involves using a measuring tape to record the measured portions of landscape components (vegetation, soil, and rock) that intercept the transects.
The selected 31 sites include different range condition classes that are found in the natural steppe of Nevşehir Province. In the selection of these sites, a great deal of attention was given to locating each site in a relatively homogeneous grazing area where the environmental factors of altitude, precipitation, and aspect were assumed to be similar. These natural rangelands have never been subjected to range improvement measures such as fertilization and over-seeding. The total rangeland area is 71,624 ha, with 48,645 livestock units (LUs) in the province (PAED 2009). Average carrying capacity of provincial rangelands is calculated as 4775 LUs. Traditionally, all croplands are grazed after harvest, but the province rangelands still suffer from heavy grazing. Moreover, spatial distribution of grazing pressure in the province area is not uniform. In addition to the vegetation survey, the characteristics of the habitat [geographic coordinates, altitude, aspect (none, north, northeast, east, southeast, south, southwest, west, and northwest ), slope (almost flat, slight, medium, steep, and very steep), soil depth (very shallow, shallow, medium depth, deep, and very deep), stoniness (least, little, medium, much, very much, and dominant) and impact of rangeland use (grazing intensity: 1-none, 2-slight, 3-medium, 4-high, and 5-very high grazing) with soil features and erosion influence (1-very slight, 2-slight, 3-fair, 4-high, 5-intense, 6-highly intense, and 7-very highly intense)] were recorded for each site.
Data analysis
Data collected from this study were evaluated with the Integrated System for Plant Dynamics (ISPD) software package for ordination analysis (Bosch et al. 1992) .
Primarily, uniformity (heterogeneity or homogeneity) of range vegetation was determined by detrended correspondence analysis (DCA) (Hill and Gauch 1980) that was used for ordination of the data matrix. After DCA, it was scrutinized by a sample-centered principal components analysis (PCA) within vegetation changing along the first ordination axis in a homogeneous area. This PCA ordination was used to combine the second and higher axes into a single residual value (Bosch and Gauch 1991) . If any sample sites had a larger residual value than 50% of the Euclidean distance of the first ordination axis, they were removed, and the ordination analysis was repeated again (Bosch and Kellner 1991) . Sample sites were placed along the first axis with Pearson's productmoment correlation coefficient (Sokal and Rolf 1981) . The position of sites, based on species composition, on the first axis indicated a possible correlation with grazing intensity (Figure 3) . After completing ordination analysis, each species in the data set was individually examined to get the values of regression (Ter Braak and Prentice 1988; Palmer 1993 ) and D statistic (Willmott 1982) . Species with a regression value and D statistic greater than 0.300 were selected as indicators (Bosch 2009 ). These indicator species were separated into 3 categories: decreasers, increasers, and invaders (Dyksterhuis 1949; Hurt et al. 1993 ).
Constructing a descriptive ecological degradation model
A total of 185 species were recorded in the 31 sample sites of Nevşehir Province. After running the Compose program, the numbers of plant species were reduced to 89 to eliminate some rare species and to avoid introducing unnecessary noise in the data set (Mentis 1983 ). The ordination gradient on the first axis was divided into 3 categories related to grazing intensity. The abundance values of the dominant species and main species groups (palatable, perennials, annuals, etc.) were figured out for each of the categories and then graphically displayed. The spatial distribution of the sample sites appeared according to the first and second axes of the DCA ordination. A relatively homogeneous vegetation group was identified through DCA, and only one site (site 26, a meadow) was removed, owing to its high vegetation cover. The DCA was performed again with the remaining 30 sites. The result of the second DCA showed that the sites had a homogeneous distribution.
Identification of the degradation gradient
After having found relatively homogeneous vegetation, centered PCA ordination was performed with the samples according to the species matrix of the new data set. Degradation gradients, from right to left, could be constructed for only a single large vegetation (Mentis 1982; Hardy and Hurt 1989; Bosch and Gauch 1991) . Little variation exists among the sample sites of this study.
Ecological rangeland model
The ecological rangeland model was constructed on the basis of the percentages of the indicator species and bare ground. Regression graphs of the indicators were first manually placed on graph paper, and then the values of the x-axis and the y-axis were read from the graph paper. Later, these values were used to make a degradation model graph (Bosch and Gauch 1991) (Figure 4 ). Degradation increases from left to right on the ordination gradient, which is related to bare ground cover. This gradient was divided into 3 descriptive units, called Management Units 1, 2, and 3 (MU 1, MU 2, and MU 3), with positioned values of 100-26, 25-16, and 15-0, respectively, on the x-axis. These units had bare ground cover of 0%-48% (deteriorated), 49%-57% (degraded), and 57%-100% (severely degraded), respectively, in the ecological graph model.
Results
Indicator species identification
Of the 185 species recorded during the surveys, 89 species were retained after the Compose program process, and finally 50 species were identified as potential indicators for the degradation model ( Table 2 ). The regression analyses showed that bare ground and 7 species (Poa pratensis, P. alpina, Chrysopogon gryllus, Festuca valesiaca, Bromus cappadocicus, Stipa holosericea, and Cynodon dactylon) had relationships that could be quantified with the pastoral impact gradient (x-axis) with a D statistic in excess of 0.3 (Table 2; Figure 3 ). Seven species were identified as useful indicators for monitoring the range vegetation trend in the province of Nevşehir.
Rangeland conditions are based on the rate of decreaser and increaser plant species on rangeland vegetation. If desired species (decreasers) exist as a high percentage of the botanical composition, these rangelands are in an excellent or good status (Holechek et al. 2004 All these species are classified as decreaser plant species. Although they normally represent excellent and good rangeland conditions, in this study, they appear on fair rangeland conditions subjected to high grazing pressure.
Particularly, a high abundance of decreasers and increasers was found in MU 1 (Figure 4 
Discussion
The present vegetation composition represents an indicator of productivity, quality, degradation, and management of rangeland. For this reason, the assessment of rangeland status is mainly based on vegetation and plant species. In this study, there are 185 plant species in the rangeland vegetation of 31 sample sites. All species are important for animal grazing, preference, and environmental aspects. In addition, plant species have their own important features, such as annual, perennial, palatable, unpalatable, erect, decumbent, rhizomes, or bunch, that inform rangeland use and assessment. Livestock grazing is a necessary part of range management, but in Nevşehir Province, heavy grazing has been used on the rangelands, causing range degradation, less forage production, and environmental harm. The response of plant species to grazing intensity is variable, because various factors such as stock movement, access to water, animal habits, or topography interact and affect livestock grazing within a site and region (Gibson and Bosch 1996) (Figures 3 and 4) . To evaluate rangeland status, dominant plant species are preferred for analysis in statistical methods instead of using evaluation of all plant species. In this study, 50 species were obtained as promising indicators, but after ISPD testing, only 7 species were determined to be indicators. After that, indicator species were used to build an ecological model that improves our ability to understand and predict vegetation dynamics, help in science-based decision making, and implement restoration measures (Figure 4) . Moreover, the model represents good opportunities to create an overview of rangeland trends. Hence, it produces valuable information on current situations in and management practices of rangelands. Presently complex data are interpretable using available ordination techniques for management strategies (Gibson and Bosch 1996) . For this reason, DCA was used to subdivide the original data set into blocks of relatively homogeneous vegetation, which may provide better definitions of these gradients. An understanding of the processes of degradation provides a sound basis for the ecological interpretation of condition assessments (Bosch and Kellner 1991) . Hurt and Bosch (1991) stated that sample site location and site recovery potential appeared along a gradient degradation when grazing gradients were constructed through ordination studies.
In this study, 30 sites selected by DCA for their relatively homogeneous area were subjected to PCA to find variables such as current and historic grazing intensities, neglecting the various interactions and inadequate records available for the 30 sample sites (Bosch and Gauch 1991; Gibson and Bosch 1996) . When the model graph is observed (Figure 3) , the decreasers and the increasers exist at a satisfactory level in MU 1 and MU 2, and so effective range management and rehabilitation techniques should be successfully and easily applied in these areas. It is possible that the degradation trends of these 2 units can be reversed toward a climax condition. When the bare ground increased along the ordination gradient, decreasers and increasers were a reduced percentage of the botanical composition (Figure 4) . Moreover, increased bare ground is highly associated with high rangeland degradation due to high soil erosion, loss of biodiversity, reduced productivity, and the existence of unpalatable species and invaders (Chartier and Rostagna 2006) .
In comparison to climax vegetation, the current rangeland vegetation condition, which is under uncontrolled and heavy grazing pressure in Nevşehir Province, is far removed from climax conditions. Consequently, the vegetation change trend indicated that range deterioration continues under current mismanagement practices in the model. As the percentage of bare ground increases, the increaser species slightly decrease on the rangelands (Figure 4) . Heavy grazing alters the composition and productivity of herbaceous species on rangeland vegetation (Herrick et al. 2006 ). In conclusion, the current rangeland status continues towards poorer conditions and less range productivity. Furthermore, there are less palatable and more invader species.
According to the results of this study, the rangeland in Nevşehir Province has been degraded seriously due to heavy grazing and long-term misuse. Two main indicators appeared to demonstrate rangeland degradation. The first is an increase of bare ground cover and the other is the decline of desired plant species. Mismanagement, especially heavy grazing, affects decreaser species badly at first, and then increaser plant species afterwards. Moreover, heavy grazing seriously influences the plant growth and mortality of palatable species. Thus, the percentages of palatable plants in the botanical composition gradually decline in parallel with increasing grazing intensity, resulting in the disappearance of these plant species from the vegetation over time. Hence, there were very low percentages of palatable perennial species in the range's vegetation in the study area. In order to improve the range condition from poor to good and excellent, the main principle must be to promote the improvement of the proportion of decreasers and increasers in poor or moderate rangelands of the province. Consequently, rangeland productivity, quality, and health will improve to a satisfactory level. However, this challenge can only be met with the alleviation of human pressure on these natural resources.
Recommended sound measures include appropriate timing of grazing, balancing the stocking rate, fertilization, over-seeding, weed control, and, finally, diversification of animal feed resources. Obviously, existing rangeland law provides a strong legislative base for the implementation of these measures. What is now needed is a decisive and stable range management policy.
